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Abstract. Our ongoing spectroscopic survey of high proper motion stars is a
rich source of new magnetic white dwarfs. We present a few examples among
cool white dwarfs showing the effect of field strength and geometry on the
observed optical spectrum. Modelling of hydrogen and heavy element spectral
lines reveals a range of uniform or markedly offset dipole fields in these objects.
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1. Observations
Magnetic white dwarfs account for a substantial fraction of the population
of white dwarf stars (Kawka et al., 2007). Spectroscopic surveys (Kawka &
Vennes, 2012) routinely uncover new candidates showing a great diversity in
field strength and geometry (Landstreet et al., 2017). Our most recent obser-
vations were obtained with ESO’s FOcal Reducer and low-dispersion Spectro-
graph 2 (FORS2) and the intermediate-dispersion X-shooter spectrograph both
on ESO’s Very Large Telescopes (VLTs). Detailed modelling of spectroscopic
time series often reveals complex surface field structures or the presence of a
close degenerate companion, as observed in the case of NLTT 12758 (Kawka
et al., 2017).
2. Modeling and analysis
We followed a methodology described in Martin & Wickramasinghe (1984) and
Achilleos & Wickramasinghe (1989) and modelled the field distribution in mag-
netic hydrogen-rich white dwarfs, known as DAH white dwarfs, using a dipole of
strength Bp which may be offset along the polar axis by a fraction of the radius
az and inclined with respect to the viewer at an angle i. We divided the surface
into 450 elements along the surface longitude and latitude and integrated the
emergent intensity spectrum. These model spectra describe average surface field
properties at a particular time and do not account for possible blurring caused
by a short rotation period.
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Figure 1. Observation and modelling (Hα) of the DAH white dwarfs NLTT8435 (left)
and NLTT13015 (right).
2.1. Hydrogen Balmer lines
The hydrogen Balmer spectra were computed using line strengths and Zeeman
shifts from Garstang & Kemic (1974). The following examples illustrate the
method. The new magnetic white dwarf NLTT 8435 (Bp = 6.1MG) is relatively
cool (≈ 5360 K) and hydrogen-rich (Fig. 1). Photometric time series obtained
with the Danish 1.54-m telescope revealed a likely rotation period of 95 minutes
(Fig 2). We also observed radial velocity variations of at least 60 km s−1 that
are not related to surface field variations but, instead, caused by the presence of
a close, unseen companion. The cool magnetic white dwarf NLTT 13015 is also
hydrogen-rich and exhibits marked field variations around a mean polar field
of ≈12 MG. Fig. 1 shows one of the three individual exposures obtained with
FORS2: The best-fitting model implies a field strength of 11.4 MG and a small
offset along the polar axis of -11%.
2.2. Heavy elements
White dwarf atmospheres are often contaminated with trace heavy elements
(Zuckerman et al., 2003). Some cool and polluted hydrogen-rich white dwarfs
known as DAZH white dwarfs such as NLTT 7547 (Kawka et al. 2018, in prepa-
ration) and NLTT 53908 (Kawka & Vennes, 2014) show strong CaH&K lines
imbedded in a magnetic field with strengths ranging from ≈ 105 to 106 G. Other
trace elements are also seen in the spectra of these objects (e.g., sodium, magne-
sium, aluminum, and iron) and modelling of spectral line shapes should provide
additional constraints on the strength and structure of the magnetic field.
We computed detailed line profiles following the procedure described in
Kawka & Vennes (2011) but updated with offset dipole field distributions de-
Observing and modelling magnetic fields in white dwarfs 3
Figure 2. Photometric (R-band) time series (middle panel) and residuals (bottom
panel) of NLTT 8435 obtained with the Danish 1.54-m telescope. The period analysis
finds a significant periodicity near 95 minutes (top panel).
scribed above and assuming quadratic Zeeman line splitting following Landi
Degl’Innocenti & Landolfi (2004). The updated Zeeman patterns agree with
earlier calculations employing Kemic (1975). Figure 3 shows the calcium K line
in two polluted, magnetic white dwarfs. In the case of NLTT 7547, the broad
line shape requires a field spread characteristic of a centered dipole (az = 0)
of 240 kG, while in the case of NLTT 53908, the narrow Zeeman components
require a marked offset (az = −0.2) and a dipole field of 635 kG.
3. Discussion
Kawka & Vennes (2014) found evidence of field enhancement among cool, pol-
luted hydrogen-rich white dwarfs. This simple fact can be interpreted either as
evidence of a correlation between magnetic field strength and heavy element
pollution, or as a field enhancement in all cool white dwarfs.
Ultimately, this project aims at delivering field structure and binary prop-
erties for a large sample of magnetic white dwarfs and constrain population
statistics. In particular we seek to determine the fraction of magnetic white
dwarfs as a function of age, companionship, and spectral type.
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Figure 3. Observation and modelling (Ca K) of the DAZH white dwarfs NLTT7547
(left) and NLTT53908 (right).
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